A new stemphol derivative, stemphol 1-O-β-D-galactopyranoside (1b), together with three known metabolites, stemphol (1a), indole-3-carboxylic acid, and kojic acid, has been isolated from the ethyl acetate extract of cultures of Gaeumannomyces amomi BCC4066, an endophytic fungus found on healthy parts of ginger (Alpinia malaccensis; Thai name Kha-pa). The structure of 1b was established via spectroscopic methods, including 2D NMR measurements and GC/MS experiments.
Nearly 50% of drugs are derived from natural sources [1] . The discovery of the anticancer drug paclitaxel (taxol) in Pestalotiopsis microspora, the symptomless parasitic fungus that colonizes the Himalayan yew tree Taxus wallichiana, has highlighted the importance of endophytes and drawn attention to the interesting metabolites produced by these organisms [2] . Numerous other species of endophytic fungi are known to be sources of anticancer, antidiabetic, insecticidal and immunosuppressive compounds [3] [4] [5] . As well as being rich sources of secondary metabolites with pharmaceutical importance, it would appear that endophytic fungi give plants the ability to adapt to stress conditions, and their study is expected to be an important aspect of fungal biology in the 21st century. Tropical countries such as Thailand may well prove to be excellent sources of endophytes and their bioactive compounds [3] . During our previous screening of Zingiberaceous fungi, a strain of Gaeumannomyces amomi (BCC4066) was obtained from healthy leaves and pseudostem of Alpinia malaccensis, and was identified as a new endophyte [6] . G. amomi BCC4066 was reported to have weak activity against Penicillium avellaneum and Bacillus subtilis, but was strongly active against Candida albicans [7] .
In the present study, three known metabolites, indole-3carboxylic acid, stemphol (1a) and kojic acid, were isolated from cultures of G. amomi BCC4066, along with a new stemphol derivative (1b). The known metabolites were identified via their ESI-MS and 1D NMR spectra, while the structure of 1b was elucidated using ESI-MS, 1 H, 13 C, and 2D NMR data. Stemphol [2-butyl-1,3-dihydroxy-5-pentylbenzene (1a)] [8] is an alkylresorcinol, a group of compounds with biopharmacological, biomedical and biotechnological importance [8] . It was first isolated from Stemphylium majusculum [9] , then from Pleospora herbarum [10] , and related metabolites have been reported to have antimicrobial activity against the fungus Mucor hiemalis, the yeast Schizosaccharomyces pombe, and Gram-positive bacteria (B. subtilis and Staphylococcus aureus) [11] . Kojic acid was originally isolated by Saito in 1907 from Aspergillus oryzae grown on stream rice, and antimicrobial activity was subsequently reported [5] by El-Aasar against Gram-negative bacteria (Pseudomonas aeuroginosa, Escherichia coli, Proteus vulgaris), Gram-positive bacteria (Staphylococcus aureus, Streptococcus pneumoniae and B. subtilis) and yeasts (C. albicans and C. krusei) [12] . In this letter, we describe the isolation and structure elucidation of the new stemphol derivative 1b.
In the 1 H NMR spectrum of 1b, two meta-coupled aromatic proton signals, at δ 6.50 and 6.31, were visible. Five oxymethine signals, typical for a sugar residue, were observed between δ 3.2 and 4.0, and a signal consistent with the presence of an anomeric proton was seen at δ 4.81. Six methylene signals were found in the aliphatic region, in addition to two methyl signals at δ 0.92 and 0.88. The 13 C NMR spectrum revealed 21 signals, of which four quaternary carbons, at δ 157.8, 156.7, 142.4 and 117.7, and two methine signals were due to either olefinic or aromatic systems. Seven methylene signals and two methyl groups indicated the presence of aliphatic chains, and the signals between δ 62 and 67 and at δ 103.2 were due to the sugar unit. HMBC correlations confirmed a tetrasubstituted benzene ring with meta-substituted protons. 1 H-1 H COSY correlations showed the presence of an n-butyl and an n-pentyl moiety, which were para to each other, from HMBC data. A search in AntiBase [13] using this information led to the stemphol (1a) skeleton. The presence of a sugar moiety, along with the mass difference, indicated a new stemphol hexoside. The planar structure of 1b was confirmed by interpretation of the 1 H, 1 H-COSY, HSQC and HMBC spectra. The coupling constant ( 3 J = 7.8 Hz) of the anomeric proton indicated a β-configuration, and the HMBC correlation of the anomeric proton H-1' with C-1 confirmed the H-1'-linkage of the sugar residue with the aglycone. Further correlations are shown in Figure 2 .
All NMR data agreed well with predicted values, with one exception: While CH 2 -7 and CH 2 -11 gave the expected triplets in the 1 H NMR spectrum of 1a, in 1b only CH 2 -11 appeared as a triplet, but CH 2 -7 resulted in a multiplet: Obviously 1b exists in a conformation, where the sugar residue hinders a free rotation around the C-2,7 bond. This results is an ABC 2 pattern at δ 2.64 with a geminal coupling constant of J CH 2 -7 ~14 and a coupling of ~7 Hz between CH 2 -7 and CH 2 -8.
In order to identify the hexose, the GC/MS retention times of silylated sugars were compared with those of the sugar present in compound 1b. After hydrolysis and silylation, analysis of the sugar of 1b gave three peaks attributable to isomeric α/β-pyranone/furanone derivatives. These were identical, within error limits, to peaks observed for TMS-galactose. All other investigated sugars were clearly different (see Experimental). According to the Klyne rule, the βconfiguration indicated a D-sugar [14] , so that 1b was identified as stemphol 1-O-β-D-galactopyranoside.
All compounds were tested against S. aureus, P. aeruginosa, E. coli, B. cereus and C. albicans, but showed no antimicrobial activity at 50 μg/mL. Stemphol (1a) displayed significant toxicity against brine shrimp (Artemia salina) at a concentration of ~10 μg/mL [15] . Compound 1b was tested for inhibition of cancer cell growth, as an anti-malarial agent, and for cytotoxicity against a primate cell line (Vero), the type-1 herpes simplex virus (HSV-1), Mycobacterium tuberculosis H37Ra, and a variety of plant pathogenic fungi (Botrytis cinerea, Phytophthora infestans, Pyricularia oryzae and Septoria tritici). Unfortunately 1b was inactive in all tests.
Experimental
General experimental procedures: NMR spectra were measured on Bruker AMX 300 (300.135 MHz), Varian Unity 300 (300.145 MHz) and Varian Inova 500 (499.876 MHz) spectrometers. HPLC/ESI-MS spectra were recorded on a Finnigan LCQ with a Rheos 4000 quaternary pump (Flux Instruments) and an EC 125/2, 100-5, C18 nucleosil column (Macherey-Nagel & Co., Düren, Germany). TLC was performed on Polygram SIL G/UV 254 (Macherey-Nagel & Co.). R f values were measured on Polygram SIL G/UV 254 (Macherey-Nagel & Co.) using CH 2 Cl 2 /5% MeOH. Size exclusion chromatography was conducted on Sephadex LH-20 (Pharmacia). GC/MS was performed on a Thermo Finnigan Trace GC+MS system (Autosampler AS 2000), using a Varian column CP-Sil 8CB for amines (30 m × 0.25 mm i.d., 0.25 μm film thickness). The temperature was programmed from 40°C (held for 1 min) to 300°C (held for 4 mins), ramping the temperature up at 10°C/min. The derivatized sugar residue of 1b was identified by comparison of its retention time and fragmentation pattern with standards.
MSTFA derivatization of sugars:
A solution of approximately 0.01 mg of 1b in 50 μL of MeOH and 50 μL of 1 M HCl was hydrolyzed at 80°C. After 4 h, the sample was taken to dryness at 0.1 mbar at room temperature, and the residue was derivatized with 50 μL of MSTFA (N-methyl-N-ethyldimethylsilyltrifluoroacetamide) at 40°C for 60 min. GC/MS analysis showed three signals, with retention times of 18. 29 
Fermentation, extraction and isolation:
The fungus G. amomi BCC4066 was cultivated on 20 L of fermentation medium (25 g corn meal, 20 g sucrose, 1 g yeast extract per L) for 21 days at 20°C to give the mycelium and filtrate. The mycelium was extracted 3 times with ethyl acetate and acetone, respectively. The organic phases were evaporated to dryness. The resultant residues (each 5 g) were then combined, dissolved in methanol, and defatted with cyclohexane. Chromatography on Sephadex LH-20 (MeOH), followed by silica gel (CH 2 Cl 2 ), yielded stemphol (1a, 30.0 mg), indole-3-carboxylic acid (5.0 mg) and kojic acid (10.0 mg).
The aqueous filtrate was extracted using Amberlite XAD-16 resin, eluting with MeOH. The methanolic extract was evaporated to dryness (55 g). Column chromatography on silica gel (CH 2 Cl 2 /MeOH, 8:2) afforded Stemphol 1-O-β-D-galactopyranoside (1b, 20.0 mg).
Stemphol 1-O-β-D-galactopyranoside (1b)
Colorless solid. 
